SUMMARY The diagnostic and prognostic features of 44 episodes of infective endocarditis in 42 children with congenital heart disease were reviewed. Endocarditis occurred in 18 patients who had not had surgical correction or palliation of the defect (non-operated group). There were 26 episodes in 24 for non-operated cases, 0% for those who had had closed heart surgery, and 50% for those who had had open heart surgery.
SUMMARY The diagnostic and prognostic features of 44 episodes of infective endocarditis in 42 children with congenital heart disease were reviewed. Endocarditis occurred in 18 patients who had not had surgical correction or palliation of the defect (non-operated group). There were 26 episodes in 24 patients who had been treated surgically (operated group) (16 open and eight closed cardiac operations). Endocarditis occurred soon after open heart surgery in eight patients and as a late complication in the other 16. It recurred in two patients (operated group). Invasive monitoring and low cardiac output were consistent features in those patients who had endocarditis soon after open heart surgery whereas dental treatment was a common feature in nonoperated cases and after closed cardiac operations. Late cases of endocarditis after open heart surgery had various microbiological features that were not typical of infection after dental problems. Gram positive infections occurred in non-operated patients and in those who had had closed cardiac operations. The group that had open heart surgery had infections caused by Gram positive, Gram negative, and anaerobic bacteria and fungi. Fever, anaemia, leucocytosis, and positive blood cultures were the only consistent findings. Vegetations were seen in nine of 12 patients at cross sectional echocardiography. All 12 (four non-operated, one closed, and seven open cases) needed acute surgical treatment. The mortality from infective endocarditis was 17% for non-operated cases, 0% for those who had had closed heart surgery, and 50% for those who had had open heart surgery.
Infective endocarditis after open heart surgery differs from that in the other subgroups in terms of microbiology, source of infection, and outcome and its early diagnosis depends on a thorough investigation of minimal symptoms and signs.
Infective endocarditis is an infrequent but serious disease in infants and children. The risk of infective endocarditis is greatest in children with congenital heart lesions, whether or not the defect has been treated surgically. We retrospectively reviewed cases of infective endocarditis treated in the Thoracic Unit of The Hospital for Sick Children, Great Ormond Street, London, between 1965 London, between -1983 to determine the clinical and pathological differences between infective endocarditis occurring in the various subgroups studied. This information will be useful in achieving earlier diagnosis and better treatment of infective endocarditis in patients who have surgical correction or palliation of congenital heart lesions. The clinical signs and symptoms of endocarditis in these patients may differ from those normally associated with subacute bacterial endocarditis. Table 3 gives the sources suspected in our cases. In all the early cases after cardiopulmonary bypass there was at least one suspected source for the septicaemia. Most of these were related directly to the surgical procedure and concomitant invasive monitoring. Four of these eight patients had a low cardiac output requiring inotropic support for more than 24 hours after operation, and three had acute renal failure (one requiring peritoneal dialysis). Two of the eight had residual ventricular septal defects after closure. These findings contrasted with those in the other groups of patients. In these groups no source for the septicaemia was identified in 40-60%. For the cardiopulmonary bypass cases only one patient had a suspected dental source for the septicaemia. Dental problems were identified in a significantly (p < 0-001) higher proportion of the non-cardiopulmonary bypass (4/8) and nonoperated cases (9/18) .
Blood cultures were positive in all but three episodes in this study in patients in whom the diagnosis was confirmed at operation or necropsy. Although monomicrobial Gram positive infections were predominant (31 out of 41 episodes) the frequency of Gram negative, fungal, and polymicrobial infections was significantly higher in the cardiopulmonary bypass cases (p < 0-001 Prophylactic measures were used before operation (both on and off bypass) thoughout the study period.
They were started one hour before the induction of anaesthesia and were maintained for 7-10 days. The antibiotic regimen used varied considerably throughout the period, and both single and combination policies were used. The choice has been dictated by local microbiological factors, but has always been aimed at providing not only cover against Karl, Wensley, Stark, de Leval, Rees, Taylor Gram positive and Gram negative bacteria, but also considerable protection against staphylococci. Penicillin and gentamicin plus one of the cephalosporins were used to provide basic cover.
It is difficult to estimate the incidence of infective endocarditis in congenital heart disease because of the wide spectrum of lesions seen. All types of congenital heart lesions are associated with infective endocarditis, with the probable exception of secundum atrial septal defect.2 In simple ventricular septal defect the risk of infective endocarditis is 1-2-4 per 1000 patient years; associated aortic insufficiency increases the risk.2'-After closure of the ventricular septal defect the risk drops but is not completely eliminated.46 The risks of infective endocarditis after aortic valvotomy for aortic stenosis and after cardiac catheterisation have been estimated to be 3-8 and 0-02% respectively.37 In patients with a left ventricle to right atrial shunt (Gerbode type ventricular septal defect) the risk is about 20%.8 For untreated pulmonary and aortic stenosis the risk of infective endocarditis is 0-2 per 1000 and 1 8 per 1000 patient-years respectively. 4 Although the risk of infective endocarditis is sometimes reduced after intracardiac repair it is likely to be present for life. The risk depends on the lesion. Although our data do not allow calculation of the incidence of infective endocarditis, the number of postoperative cases in the study suggests that it would be a real and continuing problem for paediatric surgical centres. Furthermore, the risk of a second or third episode of infective endocarditis increases geometrically after the initial infection. 9 The relative rarity of infective endocarditis in patients under two years of age (except for neonates) has been attributed to absence of dental problems in this group.5 Four of our 18 non-operated patients and two in the early cardiopulmonary bypass group were less than two years old when the infection developed; this suggests that infective endocarditis is not a disease limited to older children. Furthermore, dental factors were rarely identified as aetiological factors in septicaemia leading to infective endocarditis in the post-cardiopulmonary bypass group. Although it has been suggested that infective endocarditis of the right heart is less likely to impair haemodynamic function than the left heart infections, this may apply more to rheumatic valvar disease than to congenital lesions.10 Infective endocarditis is especially virulent in the presence of a right ventricle to pulmonary artery conduit.
The significantly higher mortality rate for infective endocarditis occurring after cardiopulmonary bypass is likely to be related to the higher frequency that are not Gram positive and to the presence of intracardiac prosthetic material as well as to extra-Infective endocarditis in children with congenital heart disease cardiac conduits. The risk is enhanced by a low cardiac output. The main reported causes of death in infective endocarditis during the perioperative period have been uncontrollable congestive heart failure caused by valve perforation and uncontrollable sepsis, which was common before antibiotics became available." 12 Death in patients with infective endocarditis may be the result of underlying cardiac problems, of infection, or of side effects of treatment. It may be difficult to judge the relative importance of each. In our series uncontrolled sepsis caused the death of two out of three non-operated patients and aortic insufficiency led to the death of the remaining patient. The deaths associated with sepsis were caused by Escherichia coli and a streptococcus. The early deaths after cardiopulmonary bypass were associated with uncontrolled staphylococcal sepsis (two cases) and to a low cardiac output (two cases). Two of the five deaths among the late cases of cardiopulmonary bypass had sepsis (staphylococcal and fungal); two died after cerebral emboli and the fifth after conduit thrombosis. Three of the nine patients who died after cardiopulmonary bypass had right ventricular to pulmonary artery conduits (vs 4/42 for the series as a whole). The relative risk of death in those with right ventricle to pulmonary artery conduits was 1-3 and that for infective endocarditis caused by a non-streptococcal/non-staphylococcal organism was 3-14. The relative risk if the patient had congestive heart failure at diagnosis of infective endocarditis was 8- 18 In the present study only the early cardiopulmonary cases had a (presumptive) source of septicaemia in every patient. A dental source for the septicaemia, for which prophylactic antibiotics might have been given, was suspected in only one of the 18 cardiopulmonary bypass cases. Furthermore, two patients developed infective endocarditis despite prophylaxis with antibiotics before dental procedures. Fully effective antibiotic prophylaxis may be impossible in certain categories of patients (for example those with low cardiac output and renal failure) whether or not they are treated surgically (bypass or non-bypass) because all the potential sources for infection cannot be identified.
Confirmation of suspected infective endocarditis by blood culture was possible in all but three cases of infective endocarditis, and two of these had already been treated with antibiotics.
We found no significant differences in the frequency of positive blood cultures between the groups. This result is different from previously reported series in which the incidence of negative blood cultures was as high as 20%. 19 it is the only symptom in patients susceptible to infective endocarditis. The higher frequency of congestive heart failure in cases of endocarditis occurring soon after cardiopulmonary bypass may be partly related to the greater frequency of congestive heart failure in this group even when infective endocarditis is not present. Fever, which was present in nearly all of our patients, has been reported to be absent in 25 
Conclusions
Several points can be made regarding infective endocarditis in the paediatric population. Any patient with a congenital heart lesion, whether untreated, repaired, or palliated, should be considered at risk for infective endocarditis. There appears to be no time limit for the occurrence of infective endocarditis; for many lesions the risk is probably lifelong. Sensitive clinical indicators of infective endocarditis in children are limited to fever, anaemia, and leucocytosis. The presence of any of these features should raise suspicion in susceptible patients. If infective endocarditis is present blood cultures and echocardiography are very likely to confirm the diagnosis and should be done even when probability of infective endocarditis seems low by other criteria. The source of septicaemia is not definable in most cases, especially when the disease develops late after cardiopulmonary bypass. Totally effective antibiotic prophylaxis is therefore impossible. Non-Gram-positive organisms were more common in cases arising after cardiopulmonary bypass and these cases are more likely to need surgical intervention and more likely to die from the combination of the underlying cardiac lesion, infection, and treatment. The complication rate for infective endocarditis is high for all groups and increases when there is a delay in the initiation of treatment. These points serve to re-emphasise the critical importance of early diagnosis,. which can be achieved only by thorough investigation of minimal symptoms and signs, especially after cardiopulmonary bypass surgery.
